We report a study of magnetic dynamics in multiferroic hexagonal manganite HoMnO 3 by farinfrared spectroscopy. Low-temperature magnetic excitation spectrum of HoMnO 3 consists of magnetic-dipole transitions of Ho ions within the crystal-field split J = 8 manifold and of the triangular antiferromagnetic resonance of Mn ions. We determine the effective spin Hamiltonian for the Ho ion ground state. The magnetic-field splitting of the Mn antiferromagnetic resonance allows us to measure the magnetic exchange coupling between the rare-earth and Mn ions.
change was found to mediate magnetoelectric (ME) coupling in multiferroics -materials with coexisting magnetic and ferroelectric orders 1, 2, 3 . ME coupling may find important technological applications, for example, in an electric-write magnetic-read memory element 4 . Multiferroic hexagonal manganites display robust room-temperature ferroelectricity and remarkable ME behavior 5 that allow technological exploitation 6 . In these multiferroics, the superexchange interaction between the rare-earth and Mn ions is responsible for the strong ME coupling that allows the control of ferromagnetism by an electric field 2 . The details of the rare-earth/Mn superexchange coupling have heretofore remained unknown. Here, we report the measurement of the rare-earth/Mn superexchange in multiferroic hexagonal HoMnO 3 via the detection of an antiferromagnetic resonance by far-infrared (far-IR) spectroscopy.
These results demonstrate the ferromagnetic nature of the rare-earth/Mn exchange that enables the electric-field control of magnetism in HoMnO 3 .
HoMnO 3 (HMO) crystallizes in a hexagonal lattice, space group P 6 3 cm. Bruker 66 Fourier-transform spectrometer coupled to an 8 Tesla split-coil superconducting magnet 17 . Static magnetic field B was applied both parallel and perpendicular to the c axis. The spectra in Fig. 1 are normalized to the transmission through an empty aperture of the same size as the sample. The fringes with the period of ≈ 3cm −1 seen in the spectra are due to multiple reflections of light within the sample. The transmission minima indicated by arrows correspond to magnetic resonance frequencies. The broad absorption in both polarizations at frequencies above 70 cm −1 is of non-magnetic origin, as it exhibits no magnetic field dependence. The dotted line in Fig. 1 shows the simulated transmission, assuming that the magnetic and dielectric response of HMO consists of a collection of lorentzian oscillators:
where ω j , γ j , and f j are frequency, relaxation rate, and oscillator strength of magnetic resonances. ǫ 0 and σ are constants, and ω 0 , γ 0 , and f 0 are introduced to account for the non-magnetic absorption above 70 cm −1 .
Color-coded transmission maps in Fig To quantify the magnetic-field behaviour of the AFMR, we use the following free energy:
where M i , i = 1, 2, 3, are the three sublattice magnetizations within the a − b plane, λ describes the antiferromagnetic exchange between the sublattices, and K represents the easy-plane anisotropy. The B = 0 excitation spectrum of the free energy (3) consists of a zero-frequency mode corresponding to global rotations of the sublattices about the c axis and a doubly-degenerate gapped mode whose degeneracy is lifted by the application of B||c.
The analytical expression for the frequency of the gapped mode in B||c was given by Palme et al 21 :
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